INTRODUCTION MATERIALS AND METHODS

C. molmol Resin
The oleo-gum resin of C. molmol (Somali myrrh, Arabian myrrh), family burseraceae, was procured from the agricultural seeds, Herbs and Medicinal Plants Company, Egypt. Myrrh resin is present in the form of brownish masses as illustrated Figure 1 . It has an aromatic odor and bitter taste. Myrrh resin was grinded by a mill into a fine powder until used for alcohol extraction.
Chemicals and Drugs
The following chemicals and drugs were used: Acetic acid, formalin and Tween-80 (El Gomhoryia Company Egypt); diclofenac sodium (Voltaren, 75 mg/3 ml ampoules, Novartis Company); aspirin (Aspocid. 300 mg tablets, Cid Company, Egypt) and indomethacin (Liometacen, 50 mg/2 ml ampoules, Nile Company Egypt). The myrrh extract was dissolved by the aid of suspending agent Tween-80.
Animals
Fifty adult male Wister mice (20-25 g body weight, 5-6 weeks old) and 50 Sprague-Dawley male rats (150-155 g b.wt. and 8-10 weeks old) were used in this study. The animals were purchased from the Laboratory Animal Colony, Helwan, Egypt. The animals were kept under controlled hygienic conditions and maintained at a temperature of 25°C ± 2°C, relative humidity of 50% ± 5% and photoperiod at 12 h dark/12 h light cycles. Feed and water were provided ad-libitum. The experiments on laboratory animals were carried out according to guidelines and roles for animal experimentation approved by the Institutional Animal Care and Use Committee, National Research Center, Dokki, Egypt.
Preparation of Basal Diet
Basal diet was prepared using American Institute of Nutrition -93 according to Reeves et al., [24] . It consists of 20% protein (casein), 10% sucrose, 5% fat (corn oil), 3.5% salt mixture, 1% vitamin mixture, 2.5% choline chloride, and 5% fibers (cellulose). The remainder was corn starch up to 100%.
Biochemical Kits
Kits for biochemical analysis of serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), and very low-density lipoprotein (LDL) were purchased from Gamma Trade Co. for Pharmaceuticals and Diagnostic Chemicals, Dokki, Egypt.
Preparation of Commiphora Extract
Two hundred grams of fine powder of C. molmol resin were soaked in 1 L of 90% ethanol and kept in a refrigerator with daily shaking for 3 days. The liquid ethanol extract was filtrated using double-layer of gauze. The extract was concentrated using rotatory evaporator connected with an electric vacuum pump and metal water bath adjusted at 50°C. The method of preparation of plant extract was described by Shalaby and Hamowieh [25] . The obtained semisolid ethanol extract of C. molmol was kept in a refrigerator until further use.
Analgesic Activity
Hot plate method
This method was applied as described by Turner [26] . The test is based upon induction of thermal stimulus by putting the mouse in a glass beaker setting on the surface of the hot plate thermostatically controlled at 55°C. The time (seconds) which elapse from putting the mice on the hot plate until the mouse clicks its fore paws or jumps is the reaction time. The increase in latency (reaction) time denotes analgesic activity. For this experiment, 25 adult male Wister mice were randomly divided into five equal groups, of five mice each. Group 1 served as a normal control and orally given 1 ml distilled water (vehicle). Group 2 was orally given diclofenac sodium (standard) in a dose 20 mg/kg. Groups 3, 4 and 5 were orally given C. molmol extract in doses of 125, 250, and 500 mg/kg, respectively. One hour after administration of diclofenac or plant extract, the latency time (seconds) at time intervals of 15, 30, 60, and 120 min for each group was noted and recorded. A cut-off reaction time was set at 60 s to prevent damage to tissues of the foot.
Writhing test
This test was performed according to the method described by Gawade [27] . Twenty five adult male Wister mice were randomly divided to five equal groups, each of five mice. Group 1 was used as a normal control and given 1 ml distilled water (vehicle), and Group 2 was orally given analgesic drug aspirin (standard) in a dose 100 mg/kg. Groups 3, 4 and 5 were orally given C. molmol extract in doses 125, 250, and 500 mg/kg, respectively. One hour after administration of aspirin or extract, all mice were intraperitoneally injected with 0.1 ml of 1% acetic acid. The number of abdominal writhing for each mouse was observed and counted during a period of 30 min postinjection of acetic acid and pain inhibition percentages (PIP) were then calculated for each group.
Anti-inflammatory test
This test was carried out as described by Sugishita et al., [28] . The method depends upon induction of inflammation and edema in the hind paw of rats by subcutaneous injection of 0.1 ml of 2% formalin in the right hind paw. Twenty-five adult male rats were divided into five equal groups, of five rats each. Group 1 was orally given the vehicle (negative control), and the other four groups were injected with 0.1 ml of 2% formalin solution in the right hind paw. After induction of edema, the rats of Group 2 were intraperitoneally injected by antiinflammatory drug indomethacin (standard) in a dose 10 mg/ kg b.wt. Groups 3, 4 and 5 were orally given C. molmol extract in doses of 125, 250 and 500 mg/kg, respectively. The volume of paw edema was measured at 1, 3, 6, and 12 h postadministration of indomethacin or extract.
Induction of Obesity and Hyperlipidemia
Experimental obesity and hyperlipidemia were induced by feeding the rats for 6 weeks on high-fat diet (HFD) which supplies 59% calories from fat; 21% calories from carbohydrate and 20% calories from protein. A 4-6 week, HFD is sufficient to induce obesity and hyperlipidemia and this obese model in rats closely resembles the reality of obesity in humans according to Bhatt et al., [29] .
Body Weight and Blood Lipids
Twenty-five adult male rats were randomly divided into five equal groups, each of five animals. Group 1 was fed on basal diet and kept as a negative control. The other four groups were fed on HFD for 6 weeks for induction of obesity and hyperlipidemia. Thereafter, Group 2 was kept obese hyperlipidemic (positive control) and the other three groups were orally given C. molmol extract in daily doses of 125, 250, and 500 mg/kg for 6 weeks. During feeding period (6 weeks), the rats were weighed at weeks 0, 3, and 6 and changes in body weight gains were calculated as percentages. At end of the experiment, blood samples were collected for estimation of serum TC [30] , TG [31] , and HDL cholesterol [30] . Estimations of blood lipids were carried out chemically using specific diagnostic kits and measurements were performed using ultraviolet-visible spectrophotometer. LDL cholesterol was calculated according to formula of Friedewald et al. [32] and the atherogenic index (LDL/HDL) was recorded.
Blood Sampling
Blood samples were withdrawn by puncture of retro-orbital plexus of veins in the inner canthus of eye using microcapillary tubes and collected into dry plastic centrifuge tubes. The samples were kept standing for 15 min to clot then centrifuged at 5000 rpm for 10 min for separation of the serum which kept frozen at −18°C until used for biochemical analysis.
Statistical Analysis
Data were expressed as means ± standard error. Comparisons between the control and experimental groups were carried out using Student's t-test according to Snedecor and Cochran [33] . The difference between the experimental groups was considered significant at P < 0.05.
RESULTS
The results showed that oral administration of diclofenac sodium (20 mg/kg) to mice increased the latency time to thermal stimuli at 30, 60, and 120 min post-administration when compared with the control (vehicle) group. Commiphora molmol extract (CME) in doses of 250 and 500 mg/kg increased the latency time to thermal stimuli at 30, 60, and 90 min postoral dosage, in a dose-dependent manner, when compared with the control group. The small dose (125 mg/kg) of CME did not show significant changes in latency time as depicted in Table 1 .
The analgesic drug aspirin (100 mg/kg) when given to mice, 1 h prior to intraperitoneal injection of acetic acid, significantly (P < 0.001) decreased the number of abdominal writhings when compared with the control (vehicle) group. CME in doses of 250 and 500 mg/kg significantly (P < 0. 001) decreased the number of abdominal writhings. PIP were 37.33 and 49.33% for the dose 250 and 500 mg/kg of the extract, respectively, versus to 66.66% in mice given aspirin. Mice given the small dose of CME showed no significant changes in number of abdominal writhings and PIP was 5.33% versus to 66.66% in mice given aspirin as illustrated in Figure 2 .
In rats with hind paw edema induced by formalin, the intraperitoneal injection of indomethacin (10 mg/kg) caused significant decreases in volume (thickness) of paw edema at 3, 6, and 12 h postinjection when compared with the control (vehicle) group. CME in doses of 250 and 500 mg/kg significantly decreased the volume of paw edema in rats at 3, 6, and 12 h postoral administration as compared with the control group. The small dose of showed no significant changes in volume of paw edema until 12 h postadministration as recorded in Table 2 .
The results showed that feeding rats on HFD significantly (P < 0.001) increased the body weight at the end of 6 weeks (final weight). The body weight gain of rats fed on HFD was 32.25% versus to 13.33% in control rats fed on basal diet. Oral administrations of CME in doses of 250 and 500 mg/kg to obese rats for 6 weeks decreased the body weight gain to 20.12 and 14.37%, respectively, versus to 32.25% of control obese rats. Rats given the small dose of CME showed no significant changes in body weight as recorded in Table 3 .
Feeding of rats on HFD for 6 weeks significantly increased serum levels of TC and TG as compared to control rats fed on basal diet (negative control). Oral administration of CME in doses of 125, 250 and 500 mg/kg for 6 weeks significantly decreased the elevated serum levels of TC and TG when compared to obese control rats as shown in Figure 3 . The lowering effect of CME on TC and TG appeared to be dose-dependent and more pronounced on TG than on TC.
Oral administration of CME in doses of 250 and 500 mg/kg to obese hyperlipidemic rats significantly decreased serum levels of LDL and reduced atherogenic index (LDL/HDL) when compared with the obese control group. The large dose (500 mg/ kg) of CME significantly (P < 0.05) increased serum level of HDL as depicted in Table 4 .
DISCUSSION
The main goal of the present study is to evaluate the analgesic, anti-inflammatory and anti-hyperlipidemic activities of CME as well as its effect on body weight and blood lipids in rats fed on HFD.
In the present study, two tests for studying analgesia were used. The hot plate thermal stimulation and chemical Data were presented as mean±SE. **Significant at P<0.01, ***Significant at P<0.001 when compared to the obese control group. CME: Commiphora molmol extract, SE: Standard error irritation by acetic acid-induced writhing in mice were used to examine both central and peripheral mechanisms of analgesic effect.
Pains and inflammations are frequently accompanying the degenerative diseases including cancers, rheumatoid arthritis and peripheral vascular disease, which cause disaster to the patient. Nonsteroidal anti-inflammatory drugs (NSAIDs) and immunosuppressant drugs have been used for a long time all over the world to relief inflammatory conditions. These drugs are often associated with severe harmful and adverse side-effects. Many natural bioactive substances derived from medicinal plants are more effective and safer than chemically synthesized drugs for the treatment of various diseases including pain and inflammations [34, 35] .
The results of the present study denoted that CME produced significant analgesic activity as measured by both hot plate and writhing tests in mice. The analgesic effect of CME was found to be a dose dependent. This effect was similar to that previously demonstrated [11, 12, 35] . Moreover, the present study showed that thermal hot plate test was more sensitive than chemical writhing test. This finding agreed with that previously reported by Shanmugasundaram and Venkataraman [36] who compared between the two tests for studying analgesic activity of Hygrophila auriculata extract. The previous authors have reported that thermal hot plate method was more sensitive than the chemical writhing test by acetic acid.
The mechanism of analgesic activity of C. molmol extract could be probably due to its bioactive substances that raised pain threshold by depressing pain receptors centrally in the brain [27] . A second possible mechanism of analgesic effect of C. molmol might be due to an inhibition of release of prostaglandins (PGs), which are mediators that produce a wide variety of effects including pain and peripheral inflammation [35] . C. molmol extract appeared to produce analgesic effect through both central and peripheral mechanisms.
Inflammation is a local response of living mammalian tissues due to an injury or any irritant chemical substance. There are various components to the inflammatory reaction that can contribute to the associated symptoms and tissue injury. Edema formation, leukocyte infiltration and granuloma formation represent the main components of inflammation [35] . CME induced an anti-inflammatory effect as evident by the decrease in thickness (volume) of paw edema induced by formalin in rats. This effect of CME was in accord with that the previously reported [7, 12, 35] . The mechanism of anti-inflammatory activity of CME could be probably due to an inhibition of release of inflammatory mediator PGs. This explanation was confirmed by the finding of Su et al., [35] who reported that C. molmol significantly decreased levels of inflammatory factor PGE2 in the edema of paw tissue at the 4 th h postformalin injection. However, NSAIDs act by reducing the formation of PGs [37] [38] [39] . Results of the current study revealed that C. myrrha significantly decreased the body weight gain in obese hyperlipidemic rats. The decrease in weight gain of rats was inversely proportional to the administered dose. This finding agreed with that mentioned by Lv et al. [40] . who mentioned that guggulsterones, plant sterol, from C. molmol, has been used to treat hyperlipidemia and obesity and its anti-inflammatory and anti-hyperlipidemic effects have been well-documented.
In the present study, CME caused anti-hyperlipidemic effect as it significantly lowered the elevated serum levels of TC, TG, and LDL and reduced atherogenic index in obese rats. Moreover, the effect of CME appeared to be more effective on TG than on TC in this study.
The bioactive steroids guggulsterones have been attracted attention for the potent hypolipidemic effect of C. molmol resin [10] . Previous studies have been reported that guggulsterone, the active substance of C. mukul, is highly hypolipidemic agent [41, 42] .
CONCLUSION
The results denote that C. molmol extract (myrrh) has a dosedependent analgesic effect and effective anti-inflammatory and anti-hyperlipidemic activities. Myrrh reduces body weight gain and improves lipids profile in obese hyperlipidemic rats. These data affirm its traditional use for the treatment of painful and inflammatory conditions, obesity and hyperlipidemia. Therefore, C. molmol extract (myrrh) may be beneficial for obese hyperlipidemic patients who suffer from pain and inflammatory conditions.
